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Objective, This study investigates the potential role of intravascular ultrasound (IVUS) in the outcome in patients 
undergoing percutaneous transluminal ngioplasty (PTA) of the superficial femoral artery. 
Materials: Angiographic and the qualitative and quantitative IVUS data obtained at the narrowest site derived from 39 
patients before and after PTA were analysed. 
Results- Angiographically the diameter of the remaining stenosis een after PTA was classified as < 50% in 31 patients 
(success); in eight patients afailure was encountered. Evaluating at 6 months the functional and anatomic results of the 
PTA in 31 patients, the intervention was a success in 14 patients (Group I) and a failure in 17 patients (Group II). The 
remaining eight patients defined as angiographic failure following PTA comprised Group III. Neither qualitative nor 
quantitative IVUS data obtained before PTA could predict outcome. Conversely, after PTA, the extent of dissection was 
significantly more severe in Groups II and III than in Group L Similarly, significant differences were found between Groups 
I and II for mean free lumen area (13.2 vs. 9.7 mm 2, respectively) and mean free lumen diameter (4.1 vs. 3.5 mm, 
respectively). Quantitative data obtained in Group II were similar to those in Group III. 
Conclusion: This preliminary study demonstrates that following PTA the extent of dissection, free lumen area and 
diameter seen with IVUS are predictive factors of patency. Future studies with more patients are mandatory to further 
highlight he sensitivity of these observations. 
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Introduction 
Since the introduction of intravascular ultrasound 
(IVUS) numerous investigators have acknowledged 
the opportunity of this technique to obtain unique 
additional information about the vessel wall in com- 
parison to angiography. ~-~6 One of the benefits of 
IVUS is the ability to provide more insight in the 
ultimate effect of balloon angioplasty (PTA) and to 
measure accurately cross-sectional free lumen area 
and percentage (%) area stenosis in both coronary and 
iliofemoral arteries. Studies in which IVUS parameters 
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are related to the occurrence of restenosis are limited 
to coronary arteries. 11'~2 It appeared that qualitative 
and quantitative variables, other than dissection, 
derived from IVUS were not of predictive value for 
restenosis. 1~,~2 
The purpose of this study was to determine whether 
IVUS data on morphologic and quantitative parame- 
ters, obtained at the site of the smallest free lumen area 
seen before and after PTA of the superficial femoral 
artery are predictors of the outcome. This may answer 
the question whether one single cross-section with the 
most significant free lumen area obstruction, obtained 
with IVUS, can be used exclusively for future deci- 
sion-making. Analysis of the IVUS data combined 
with angiographic data, clinical and hemodynamic 
follow-up data up to 6 months, form the basis of this 
study. 
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Patients and Methods 
Study group 
In this multicentre study, EPISODE (Evaluation of 
Peripheral Intravascular Sonography On Dotter 
Effect), in which four university hospitals cooperate, 
angiographic and IVUS data were collected from 39 
patients who underwent a PTA for treatment of de 
novo symptomatic superficial femoral artery occlusive 
disease. Patients were referred for disabling claudica- 
tion (n = 29), rest pain (n = 4), and/or ischaemic 
ulceration (n = 6). The decision to perform a PTA was 
made in consultation between the vascular surgeon 
and intervention radiologist. There were 23 men and 
16 women: age range 36-85 (mean 64) years. The 
investigation was approved by the local Committee on 
Human Research. Patients were included in the study 
after written informed consent and if they were 
assumed to be able to return for the follow-up at I and 
6 months. All PTA procedures were preceded and 
followed by standard angiography and IVUS study. 
Experienced vascular radiologists performed or 
directly supervised the PTA procedure and scored the 
angiographic results. Each hospital was responsible 
for collection and analysis of the data including 
angiographic, IVUS, clinical and hemodynamic fol- 
low-up data. Data were stored using a database 
program written specifically for this study. 
Angiography 
Before PTA the length of the diseased segment 
subjected to dilation and the type of lesion (stenosis or 
occlusion) involved were scored angiographically. 
After PTA the outcome (success or failure) was 
defined. Success was classified semiquantitatively as 
remaining diameter stenosis < 50% using the alleged 
normal vascular segment as reference. 
Intravascular ultrasound 
The IVUS study was performed using mechanical 30 
MHz imaging systems. In two hospitals aCVIS system 
was used (Sunnyvale, Ca, U.S.A.), in two other 
hospitals a Du-MED system (Rotterdam, The Nether- 
lands) was used. Care was taken that systems were 
calibrated properly. Catheters used contained a guide 
wire lumen (CVIS 0.014"; Du-MED 0.018" or 0.035"). A 
radiopaque ruler was used to match the IVUS data 
obtained before and after PTA with the angiographic 
data. Before, and immediately after, intervention the 
IVUS catheter was advanced distally beyond the 
lesion and cross-sections were recorded uring pull- 
back of the catheter. If lesions consisted of a total 
occlusion, attempts were made to advance the guide 
wire and subsequently the IVUS catheter into and 
across the lesion. These attempts were terminated if 
major resistance was encountered. Images were 
recorded with 1 cm interval. Under fluoroscopic 
control the location of the IVUS catheter was system- 
atically compared with the radiopaque ruler; its 
location was indicated manually on the video mon- 
itor. s'6 The resulting images were displayed on the 
monitor via a video-scanned memory and stored on 
an S-VHS system. 
The videotapes were reviewed for analysis and all 
cross-sections within the dilated segment obtained 
before and after PTA underwent qualitative and 
quantitative analyses (interval 1 cm). For the present 
study, qualitative and quantitative data viewed at the 
cross-section with the smallest free lumen area seen in 
each patient before and after PTA were selected. 
Qualitative analysis. Cross-sections were assessed for 
lesion topography and morphology before PTA and 
for vascular damage after PTA (Table 1). Criteria for 
evaluating the morphologic features with IVUS have 
been described previously. B-6 A lesion was judged to 
be present when the lesion thickness was 0.5 mm or 
more. The topography of the lesion may be either 
eccentric or concentric (Figs. 1-3). An eccentric lesion 
was defined as a lesion involving one part of the 
circumference of the vessel wall in a cross-section 
which leaves the remaining part disease-free. Plaque 
composition may include fibromuscular/fibrous 
(echo-soft), calcification (echo-hard with shadowing) 
and lipid deposit (echo-poor). After PTA the presence 
of dissection, plaque rupture and internal elastic 
lamina rupture was documented. In the absence of 
these features 'no effect' was scored. First, the inci- 
dence of these features een before and after PTA was 
scored. Second, the extent of the normal vessel wall 
Table 1. Qualitative and quantitative intravascular ultrasound data 
evaluated in the cross-sections howing the smallest free lumen 
area before and after balloon angioplasty of the superficial femoral 
artery 
Qualitative Quantitative 
Eccentric, oncentric 
Soft, hard, lipid 
Dissection 
Plaque rupture 
Internal elastic lamina rupture 
Free lumen area 
Free lumen diameter 
Media-bounded area 
Plaque area 
% area stenosis 
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the compos i t ion  of the lesion and  the sever i ty  of 
vascu lar  damage invo lved  were graded semiquant i ta -  
t ive ly  as a sector of the c i rcumference (in steps of 30°; 
range 0-360°). For  instance, an eccentric lesion may 
invo lve 180 ° of the c i rcumference l av ing  the remain-  
ing 180 ° disease-free (normal).  If part  of the c i rcum- 
ference cou ld  not  be ana lysed  due to a strut or gu ide  
wire  interposi t ion,  then that segment  was  classif ied as 
not  analysable.  
Quantitative analysis. Quant i tat ive  measurements  were 
per fo rmed us ing  a d ig i ta l  v ideo ana lyser  sys temJ  7'18 
Images  that conta in st rong backscatter  echoes f rom 
f lowing b lood  may present  diff icult ies in the determi -  
nat ion of the lumen boundary  on a st i l l - frame. For  
quant i tat ive analys is  echo images  have to be rep layed  
on a separate v ideo mon i to r  to faci l i tate d ist inct ion 
between the lumina l  boundary  f rom the echoes of 
b lood  backscatter.  Ana lys is  inc luded measurement  of 
free lumen area, free lumen d iameter  and  media -  
bounded area (Table 1, Figs. 1-3). The p laque area was  
ca lculated by  subtract ing free lumen area f rom media -  
bounded area. The % area stenosis (obstruct ion) was  
ca lculated as p laque area d iv ided  by  med ia -bounded 
area. In the absence of a vis ible tunica med ia  on IVUS 
the advent i t ia  was  used  as reference. When extensive 
dropout  due to calcif ication was  encountered,  med ia -  
bounded area was  not  calculated. 
Interobserver. Because data were col lected f rom differ- 
ent hospita ls ,  for the present  s tudy  the qual i tat ive and  
quant i tat ive analyses  col lected f rom the first 29 
pat ients  s tud ied  wi th  IVUS were contro l led and  
d iscussed centra l ly  (Univers i ty  Hosp i ta l  Rotterdam).  
Dif ferences between observers  were so lved by  con- 
sensus. U l t rasound analyses  of the remain ing  10 
pat ients  were  repeated  by  an independent  observer  
(n = 74 cross-sect ions before and  64 cross-sect ions 
Fig. 1. Corresponding intravascular ultrasound cross-sections and 
angiograms obtained from a patient before and after balloon 
angioplasty (PTA) of the superficial femoral artery (Group I: 
angiographic diameter stenosis < 50%). Before PTA a soft eccentric 
lesion (330 °) was involved at the smallest free lumen area (level 22 
cm). After PTA the corresponding cross-section revealed a dissec- 
tion (60 °) and an internal elastic lamina rupture at 4 o'clock. The 
intravascular ultrasound cross-sections are contour traced oft-line 
facilitating the recognition f free lumen area (FLA; inner contour) 
and media-bounded area (MBA; outer contour). The FLA increased 
from 1.9 mm z to 18.7 mm~; the MBA increased from 26.8 mm a to 43.0 
mm2; the plaque area decreased from 24.9 mm 2 to 24.4 ram2; and the 
free lumen diameter increased from 1.5 mm to 4.9 mm. + = cathe- 
ter; calibration = 1 ram. 
Fig 2. Corresponding intravascular ultrasound cross-sections and 
angiograms obtained from a patient before and after balloon 
angioplasty (PTA) (Group II: angiographic diameter stenosis 
< 50%). Before PTA the smallest free lumen area is seen at level 13 
cm. The lesion involved was eccentric and soft in nature. After PTA 
the lesion became dissected from the arterial wall (dissec- 
tion = 150°). The free lumen area (FLA; inner contour) and media- 
bounded area (MBA; outer counter) display the quantitative r sults. 
2 2 The FLA increased from 3.8 mm to 4.6 mm ; the MBA increased 
from 20.3 mm 2 to 21.0 mm2; the plaque area decreased from 16.52 to 
16.4 mm2; and the free lumen diameter increased from 2.2 mm to 2.4 
mm. As restenosis developed within 1 month, the patient was 
referred for repeat balloon angioplasty. + = catheter; calibration = 1 
mm. 
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after PTA). Interobserver differences of the qualitative 
data were expressed as Kappa's  coefficient and total 
percentage of agreement. Interobserver differences in 
the measurements of the free lumen area and media- 
bounded area were expressed as mean values and 
standard deviation of the paired differences. 
Follow-up 
After discharge (usually the day after the procedure) 
patients returned for fol low-up at 1 month and at 6 
months, or until an adverse event occurred. Criteria 
for evaluating the continuous success of PTA have 
been described previouslyJ  9Success and failure were 
defined using a combination of clinical and objective 
vascular laboratory findings. Unequivocal success of 
PTA was defined as improvement in the clinical 
condition by at least one Fontaine level (i.e. from 
ulceration to ischaemic night pain, or rest pain to 
disabling claudication, or claudication to asympto- 
19 
matic); and on haemodynamic mprovement.  Hae- 
modynamic improvement is defined as an improve- 
ment in the ankle/brachial  index (ABI) of at least 15%. 
In the presence of noncompressible vessels the ABI 
was not used. In addition, the information provided 
during the intervention of both the radiopaque ruler 
and patella were used as reference when the balloon 
dilated segment was studied with duplex. The ratio 
between the peak systolic velocities evidenced within 
the treated segment and proximal to the stenosis was 
used to determine the diameter stenosis. 2° A diameter 
stenosis <50% (PSV ratio <2.5) was defined as a 
successful PTA. Both vascular laboratory findings 
(ABI and Duplex) were decisive in assessing the 
outcome. 
Statistical analysis 
The IVUS data are presented as mean _+ standard 
deviation. The IVUS data were divided into two 
groups according to the data evidenced angiograph- 
ically (<50% diameter stenosis and failure) and 
further subdivided at follow-up. The Student's t-test 
was used to compare the IVUS data before and after 
PTA between the groups; a p value <0.05 was 
considered statistically significant. 
Fig. 3. Intravascular ultrasound cross-section and a giogram 
obtained from a patient after angiographically defined non- 
successful balloon angioplasty (Group III). Vascular damage was 
not encountered (noeffect = 360°). The free lumen area (FLA; inner 
contour) and media-bounded area (MBA; outer counter) display the 
quantitative results: FLA = 6.6 mm 2, MBA = 56.6 mm 2, plaque 
area = 50 mm zand free lumen diameter 2.9 mm. Two days later the 
patient was referred for bypass surgery. + = catheter; calibra- 
tion = 1 ram. 
Results 
Intravascular ultrasound studies were completed suc- 
cessfully with good quality in all patients. No compli- 
cations related to angiography or IVUS were encoun- 
tered. Because the IVUS catheter could not be 
advanced across the lesion, IVUS data were not 
available before PTA in five patients (Fig. 3). 
The level showing the smallest free lumen area on 
IVUS before PTA did not necessarily correspond to the 
level showing the smallest free lumen area after PTA: 
in 29 patients the levels corresponded within < 5 cm; 
in three patients the distance was between 5 and 10 
cm; in two patients the distance was 11 and 14 cm, 
respectively; in five patients IVUS data were not 
obtainable at the smallest free lumen area (vide 
supra). 
Angiographically, the PTA procedure was classified 
as < 50% diameter stenosis (success) in 31 patients and 
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Table 2. Incidence (%) of lesion topography and morphology seen before and pathologic features seen 
after ballon angioplasty (PTA) of the superficial femoral artery with intravascular ultrasound at the site 
showing the smallest lumen area 
Angiographic success (n=31) 
Group I (n=14) 
Success  
Group II (n=17) 
failure 
Angiographic failure 
Group III (n=8) 
Before PTA* 
Concentric 71% 
Hard 29% 
Lipid 77o 
After PTA* 
Dissection 43% 
Plaque rupture 36% 
IEL rupture 14% 
88% 63% 
41% 0% 
6% 0% 
71% 5O7o 
127o 0% 
187o 127o 
n= number of patients. 
IEL= internal elastic lamina. 
* Differences were not significantly different. 
as a failure in eight patients (Table 2). The 31 patients 
were followed using a combination of clinical and 
objective vascular laboratory findings to show the 
degree of success and the time of failure up to the 
census date of 6 months. Success was scored in 14 of 
the 31 patients (Group I); failure was scored in 17 of 
the 31 patients (Group II). Nine of the 17 failures 
occurred within 1 month after PTA. Of the patients 
failed: seven had no further treatment within 6 
months; three had repeat PTA; five had vascular 
surgery; and two underwent amputation. The eight 
patients, classified angiographically as failure follow- 
ing PTA, comprised Group III; all these patients 
subsequently underwent vascular reconstructive 
surgery. 
The mean length of the diseased segment subjected 
to dilation was 13.4 cm (range 4-32 cm). No significant 
differences in the length of the diseased segment was 
encountered in Group I (12 _+ 7 cm) and Group II 
(11 + 5 cm). The length of the diseased segment in 
Group III (21 + 11 cm) was significant different from 
that seen in Groups I and II. Angiographicall)~ a 
stenosis was present in 23 patients and an occlusion in 
16 patients. The ratio stenoses vs. occlusions in the 
three groups was: seven stenoses vs. seven occlusions 
in Group I; 14 stenoses vs. three occlusions in Group II; 
and two stenoses vs. six occlusions in Group III. 
Qualitative analysis 
Data on lesion topography and morphology seen 
before and pathologic features een with IVUS after 
PTA are summarised in Tables 2 and 3. Due to strut or 
guide wire interposition a mean of 10 ° of the cross- 
sectional image per cross-section could not be ana- 
lysed for all groups. When considering the incidence 
of topography (eccentric/concentric), morphology 
(soft/hard/l ipid) and pathologic features (dissection, 
plaque rupture and internal elastic lamina rupture), no 
significant difference between the three groups of 
patients was encountered (Table 2). In addition, no 
significant difference in extent of lesion topography 
and morphology was encountered between the three 
groups of patients (Figs. 1-3). Converselj6 the extent of 
dissection seen after PTA in Groups II and III was 
significantly higher compared with the data from 
Group I (Table 3). 
Quantitat ive analysis 
Quantitative data obtained before and after PTA are 
summarised in Table 4. Before intervention, no sig- 
nificant differences in the quantitative data were 
observed between the three groups of patients. As 
result of PTA, a significant increase in free lumen area 
and free lumen diameter and a significant decrease in 
% area stenosis was noted in all groups. In addition, 
after PTA significant larger values were encountered 
in free lumen area and free lumen diameter in Group 
I vs. Group II. No significant differences were seen in 
media-bounded area, plaque area and % area stenosis 
between Groups I and II. Free lumen area, free lumen 
diameter and % area stenosis een in Groups I and III 
were significantly different (see Table 4). 
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Table 3. Extent of the normal vessel wall and lesion morphology seen before and severity of pathologic 
features seen after ballon angioplasty (PTA) of the superficial femoral artery with intravascular 
ultrasound at the site showing the smallest free lumen area 
Angiographic success (n=31) 
Group I (n=14) Group II (n=17) 
success failure 
Angiographic failure 
Group III (n=8) 
Before PTA 
Normal 24o-+48 ° 6°-+21 ° 24°_+33 ° 
Hard 12°-+21 ° 57o+93 ° 0 ° 
Soft 306o+96 ° 267°_+135 ° 279°_+108 ° 
Lipid 30_+9 ° 3 _+6 ° 0 ° 
After PTA 
Dissection 18°_+21 ° 78°_+69 ° * 75°_+102 ° 
Plaque rupture 15°_+21 ° 6°_+15 ° 0 ° 
IEL rupture 6°+18 ° 12°-+24 ° 12°_+30 ° 
No effect 3300_+30 ° 249°_+81 ° * 279o+99 ° 
Data represent the mean and S.D. of the degrees (°) involved along the boundary of the cross-section image. 
n= number of patients. 
IEL= internal elastic lamina. 
* Differences between Groups I and II are significant (p < 0.05). 
Table 4. Quantitative intravascular ultrasound data obtained at the site showing the smallest free lumen area before 
and after balloon angioplasty (PTA) of the superficial femoral artery 
Angiographic success (n=31) 
Group I (n=14) Group II (n=17) 
success failure 
Angiographic failure 
Group III (n=8) 
Before PTA 
Free lumen area (mm 2) 6.0_+3.6 3.6+2.0 3.4+1.6 
Free lumen diameter ( am) 2.7+0.8 2.1+0.5 2.0_+0.5 
Media-bounded area (ram 2) 26.4-+8.4 25.3+5.3 25.3+7.1 
Plaque area (mm 2) 20.4-+6.4 22.2-+6.0 22.0+7.7 
% area stenosis 77.7+9.2 86.5+7.3 84.4-+10.8 
After PTA 
Free lumen area (mm2)$ 13.2_+3.6 9.7_+3.2* 7.2+2.8 ~
Free lumen diameter (mm)$ 4.1+0.5 3.5-+0.6* 3.0_+0.6 ~ 
Media-bounded area (ram 2) 29.3+8.5 29.1-+11.6 32.4+12.6 
Plaque area (ram 2) 16.1+8.2 21.5-+8.2 25.2_+12.1 
% area stenosis$ 51.8_+16.9 61.7-+20.3 75.4+9.9 f 
Data represent the mean and S.D. 
n= number of patients. 
* Differences between Groups I and II are significant (p < 0.05). 
t Differences between Groups I and III are significant (p<0.05). 
Differences in quantitative data between before and after PTA are significant (p < 0.05) for all groups. 
Interobserver variability 
There  was  moderate  agreement  for  topography  
(eccent r i c /concent r i c )  and  morpho logy  (so f t /hard)  
and  d issect ion  (Kappa  va lues  0.54, 0.59 and  0.46; tota l  
agreement  of 77%, 91% and 73%). A poor  agreement  
was  observed  for l ip id,  p laque  rupture  and  in terna l  
elast ic lamina  rupture  (Kappa  va lues  0.0, 0.02 and  
0.08; tota l  agreement  of  96%, 72% and 70%). The 
in terobserver  d i f ferences  of the area measurements  
be fore  and  after  in tervent ion  were  + 0.6 + 2.3 mm 2 
and  + 0.6 + 2.1 mm 2, respect ive ly ,  for free lumen area 
and  -0.3 +_ 3.5 mm 2 and  -1.7 + 3.4 mm 2, respect ive ly ,  
for med ia -bounded area. 
Discussion 
Given  the fact that  there  is a lack  of cor re la t ion  
between ang iography  and  the  outcome after  PTA, 
there  c lear ly  is a need  for  a bet ter  unders tand ing  of the 
mechan ism of restenos is  and  fa i lure  in  ang iop las ty ]  
S ince the in t roduct ion  of IVUS,  it has  been  suggested  
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that this technique is capable to uncover the parame- 
ters related to success and failure of PTA. For this 
purpose we started in September 1992 a multicenter 
study named EPISODE in which four university 
hospitals participated. One of the aims of this study 
was to address the question of whether qualitative 
and quantitative lesion characteristics--as sessed 
by IVUS before and after PTA of the superficial 
femoral artery--are predictors of the long-term out- 
come. The present study is the first in which IVUS 
data, obtained at different centres before and after 
PTA, are analysed in a uniform manner. Besides IVUS 
studies, the investigation i cludes a systematic follow- 
up including clinical assessment, Doppler and Duplex 
studies. 
The following issues of the present study deserve 
specific comments: 
(1) Given the advanced technology and experience 
with balloon angioplasty in peripheral arteries, results 
obtained nowadays with PTA should be considerably 
better than series available a decade ago. However, the 
overall 6 months success rate, including early failure 
observed in this stud)4 is markedly low (36%). Failure 
in this stud)~ noted after angiographically classified 
< 50% diameter stenosis, was an early phenomenon: 
9/17 failures were evidenced within 1 month. Our 
data are even worse compared to those previously 
reported by Jeans et ai.(49%). 21 We realise that varia- 
tions in results reported from different centers reflect 
the variation in selection of patients and lesions for 
intervention. The lesion length is an acknowledged 
21 22 parameter that determines suitability of PTA. ' 
Becket et al. reported a 6 month patency rate of 23% in 
patients with long ( > 7 cm) superficial femoral artery 
stenosis, zs In our studN the overall length of the 
diseased segment subjected to PTA was large (mean 
13.4 cm). Nonetheless, no significant difference in 
length was encountered between the success group 
(Group I) and the failure group (Group II). Fur- 
thermore, it has been suggested that the outcome for 
stenosis is significantly better than for occlusion. 21-23 
Although the number of occlusions in the present 
study was high 16 (41%) the type of lesion involved 
(stenosis vs. occlusion) did not unequivocally influ- 
ence the outcome. In Group I the ratio stenosis vs. 
occlusion was seven vs. seven, while in Group II this 
was 14 vs. three. These results are in keeping with 
those of others. 24'25 Altogether, we believe that the 
high incidence of failure in the present study may be 
influenced by both the length of the diseased segment 
as well as the type of lesion involved. 
(2) Studies dealing with IVUS both in peripheral and 
coronary arteries generally consider one arterial cross- 
7 16 section for analysis. - In the present studN we were 
able to document different morphologic and quantita- 
tive data during pull-back of the IVUS catheter both 
before and after PTA. Recentl?~ we have executed an in 
vitro study with IVUS to elucidate the effect of PTA on 
diseased coronary arteries. We learned that the quanti- 
tative effects were greater at the site of the smallest 
free lumen area compared with data obtained from 
multiple adjacent cross-sections within the dilated 
segment. 29 Consequently, for the present study we 
have chosen to select he site showing the smallest free 
lumen area seen with IVUS for analysis, rather than 
the available sequence of corresponding cross-sec- 
tional levels analysed within the dilated segment. 
It proved that the most severely stenotic site seen 
before PTA may not necessarily correspond with the 
most stenotic site seen after intervention: in 29/39 
cross-sections the levels corresponded closely with a 
distance < 5 cm. The reason for this may be that the 
effect of PTA may differ according to the lesion 
characteristics involved. It is noteworthy, that the 
observed quantitative changes in the free lumen area 
and diameter were caused by overstretching of the 
arterial wall by radial pressure of the balloon, leaving 
the plaque area virtually unchanged (see also Figs. 1, 
2). 
(3) Albeit plaque morphology is alleged to be an 
important determinant in pathologic outcome after 
PTA, published data do not show consensus. 23-25'3° 
The presence of calcium may either be prognostic for 
25 failure 23 or it does not influence outcome. Similarl)~ 
eccentric lesions were more likely to be successfully 
24 30 dilated than were concentric lesions. • The opposite 
was claimed by Spies et al.23: i.e. concentric lesions 
were easier to treat than eccentric lesions. Similarly, 
reports on the significance of angiographically evi- 
denced dissection for subsequent restenosis are con- 
flicting. Patients with evidence of dissection may have 
a decreased long-term patency31"32; others demon- 
strated that the possibility of restenosis is not more 
likely in patients with dissection. 3°'33-35 
According to the current library the ultimate benefit 
of IVUS is to provide additional information about he 
vessel wall in comparison to angiography, and its 
ability to measure accurately the cross-sectional free 
lumen area and % area stenosis during treatment of 
vascular disease. 1-16 The results of the present study 
show that, irrespective of stenosis or occlusion, both 
qualitative (soft, hard, lipid, eccentric, concentric) and 
quantitative IVUS data obtained prior to PTA, were 
comparable in the three patient groups. This suggests 
that the qualitative IVUS data obtained before PTA 
delivered no predictors for the ultimate outcome. 
These conclusions are consistent with those reported 
by Tenaglia et al. 12 
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(4) The incidence of qualitative IVUS data after PTA 
including dissection, plaque rupture and internal 
elastic lamina rupture were not associated with the 
outcome. In contrast, the extent of dissection seen on 
IVUS related significantly with the outcome. Such a 
relation was also established by Tenaglia et aI. in 
coronary arteries. 12 Others, however, suggested that 
restenosis was more likely to occur when a concentric 
plaque was involved without a fracture or dissec- 
tion. 11 Although in our study the severity of dissection 
rather than the incidence of dissection was related to 
the outcome, we believe that care should be taken to 
designate this feature being of prognostic value given 
the small number of patients tudied. 
(5) Quantitative IVUS data obtained following PTA 
reveal that the effect of PTA on free lumen area, free 
lumen diameter and % area stenosis was significant 
for all three groups of patients. Because of the delay 
between balloon deflation after PTA and subsequent 
IVUS examination we assume the quantitative IVUS 
data obtained following PTA are not subjected to 
recoil. 7 
The most important observations in the present 
study are that after PTA significant differences were 
encountered for free lumen area and free lumen 
diameter between Group I vs. Groups II and III, 
respectively. The difference in % area stenosis was 
significant only between Groups I and III (52% vs. 
75%). Conversely, no significant difference in % area 
stenosis was noted between Group I (52%) and Group 
II (62%). Honey et al. 11 reported that restenosis was not 
related to the % area stenosis involved (62% area 
stenosis: no restenosis vs. 59% area stenosis: reste- 
nosis). In this respect, it is important to realise that the 
calculated egree of % area stenosis does not reflect 
the actual free lumen area size, given the variability in 
r m 36 37 e odeling_ of the vessel wall. ' In addition, Tena- 
glia et aI.lZ reported that neither free lumen area, 
diameter nor % area stenosis were predictive for the 
outcome. The reason why quantitative IVUS parame- 
ters in our study were of predictive value for failure, 
while those obtained following coronary balloon 
angioplasty were not, is merely speculative. 
Limitations 
This study was aimed to assess the usefulness of the 
IVUS parameters obtained at the smallest free lumen 
area site to predict success or failure of PTA in the 
superficial femoral artery. Other parameters such as 
patients' demographic data, the type and calibre of 
balloon used, qualitative angiographic data, run-off 
and IVUS data of adjacent segments were not taken 
into account. The IVUS cross-sections used (the 
smallest free lumen area) were obtained after off-line 
analysis. However, in order to use IVUS as a decision- 
making device during intervention one should be able 
to pinpoint he haemodynamically significant obstruc- 
tive stenoses. This implies that the investigator needs 
to have the skill to recognize on-line the significance of 
the bottle-neck evidenced by IVUS. Images should be 
immediately reviewed and quantitatively analysed. 
Although semi-quantitative analysis of % area stenosis 
can readily be performed, 4 free lumen area and 
diameter are more difficult to assess--particularly 
because PTA causes extensive irregularity of the free 
lumen area contour. Thus, for on-line quantitative 
analysis, appropriate analytic equipment is required. 
Conclusion 
This study indicates that IVUS data obtained follow- 
ing PTA may predict whether a patient is l ikely--or 
not - - to  have a long-term, event-free outcome. Failure 
is more likely to occur in the presence of a large 
dissection and a small residual free lumen area and 
diameter evidenced following PTA. Other qualitative 
and quantitative IVUS parameters een before and 
after PTA were considered to be of no prognostic 
value. The finding on IVUS of significant luminal 
narrowing at sites with minor diameter stenosis on 
angiography (<50%) underscores the difficulty to 
accurately assess luminal narrowing using angiog- 
raphy alone. 
A large number of failures after angiographic 
successful (< 50% diameter stenosis) PTA have been 
shown to occur within the first month (53%). This 
observation suggests that residual stenosis rather than 
restenosis due to fibrocellular tissue response may be 
the underlying mechanism responsible for the failures 
evidenced. A second significant determinant of failure 
noted in this study may be the length of the diseased 
segment. Nonetheless, the large number of success- 
fully treated lesions seen in Group I justifies an 
aggressive approach when attempting angioplasty of 
lengthy obstructive superficial femoral artery 
disease. 
Our results have important prognostic implications. 
Knowing the IVUS parameters associated with an 
adverse outcome this information may be helpful to 
more rationally decide when reintervention is indi- 
cated. The information could, in addition, be used to 
indicate which of the available therapeutic options 
(additional PTA, atherectomy, stent implantation or 
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bypass surgery) is warranted for the individual 
patient. 
Confirmation of the hypothesis that free lumen area 
and diameter seen on IVUS after PTA may serve to 
influence the course of interventional management 
might be gained in the near future when more patients 
in this multicenter study have a complete follow-up. 
Note 
RecentlN 4 additional hospitals were willing to partici- 
pate in this stud)~ namely: Maria Hospital Tilburg, 
Catharina Hospital Eindhoven, Groot ZiekenGasthuis 
Den Bosch, and Slingeland Hospital Doetinchem. 
Follow-up of these patients is not completed. 
Acknowledgement 
This project was supported by grants from the Interuniversity 
Cardiology Institute of the Netherlands and the Netherlands Heart 
Foundation (no. 900.574.002). The authors would like to thank the 
radiologists J.A. Reekers and W.P.T.M. Mali for their unceasing 
support. Jeroen van Essen is acknowledged for his continuous 
support for the quantitative analyses and David J. Posthuma is 
acknowledged for the interobserver analysis. 
References 
1 KATZEN BT. Current status of intravascular ultrasonography. 
Radiol Clin NAmer 1992; 30: 895-905. 
2 TABBARA M, WHITE R~ CAVAYE D, KOPCHOK G. In vivo human 
comparison of intravascular ultrasonography and angiography, f 
Vasc Surg 1991; 14: 496-504. 
3 THE SHKr GUSSENHOVEN El, DU BoIs NAJJ et al. Femoro-popliteal 
bypass grafts studied by intravascular ultrasound. Eur ] Vasc 
Surg 1991; S: 523-526. 
4 GERRITSEN GP, GUSSENHOVEN El, THE SHK et al. Intravascular 
ultrasonography before and after intervention: in vivo compar- 
ison with angiography. J Vasc Surg 1993; 80: 31-40. 
5 GUSSENHOVEN El, FRIETMAN PAV, THE SHK et aI. Assessment of 
medial thinning in atherosclerosis by intravascular ultrasound. 
Am ] Cardiol 1991; 68: 1625-1632. 
6 THE SHK, GUSSENHOVEN EJ~ ZHONG Yy Li Wet  al. The effect of 
balloon angioplasty on the femoral artery evaluated with 
intravascular ultrasound imaging. Circulation 1992; 86: 483-493. 
7 ISNER JM~ ROSENFIELD KI LOSORDO DW et aL Combination balloon- 
ultrasound imaging catheter for percutaneous transluminal 
angioplasty. Validation of imaging, analysis of recoil and 
identification of plaque fracture. Circulation 1991; 84: 739-754. 
8 LOSORDO DW, ROSENFIELD K, PIECZEK A, BAKER K, HARDING M, 
ISNER JM. HOW does angioplasty work? Serial analysis of human 
iliac arteries using intravascular ultrasound. Circulation 1992; 86: 
1845-1858. 
9 FITZGERALD PJ, PORTS TA, YocK PG. Contribution of localized 
calcium deposits to dissection after angioplasty: An observa- 
tional study using intravascular ultrasound. Circulation 1992; 86: 
64-70. 
10 GERBER TC, ERBEL RI GORGE G, GE J, RUPPRECHT HJ, MEYER J. 
Classification of morphologic effects of percutaneous trans- 
luminal coronary angioplasty assessed by intravascular ultra- 
sound. Am J Cardiol 1992; 70: 1546-1554. 
11 HONYE J, MAHON DJ, lAIN A et al. Morphological effects of 
coronary balloon angioplasty in vivo assessed by intravascular 
ultrasound imaging. Circulation 1992; 85: 1012-1025. 
12 TENAGLIA AN, BULLER CE, KISSLO KI PHILLIPS HR, STACK RS, 
DAVIDSON C I. Intracoronary ultrasound predictors of adverse 
outcomes after coronary artery interventions, l Am Coll Cardiol 
1992; 20: 1385-1390. 
13 POTKIN BN, KEREN G, MINTZ GS et al. Arterial responses to 
balloon coronary angioplasty: an intravascular ultrasound study. 
J Am Coll Cardiol 1992; 20: 942-951. 
14 KOVACH JA, MINTZ GS, PICHARD AD et al.. Sequential intra- 
vascular ultrasound characterization of the mechanisms of 
rotational atherectomy and adjunct balloon angioplasty. J Am 
Coll Cardiol 1993; 22: 1024-32. 
15 SUNEJA R~ NAIR RN, REDDY KG, RASHEED Q, SHEEHAN HM, 
HODGSON I. Mechanisms of angiographically successful direc- 
tional coronary atherectomy: Evaluation by intracoronary ultra- 
sound and comparison with transluminal coronary angioplasty. 
Am Heart J 1993; 126: 507-514. 
16 BRADEN GA, HERRINGTON DM, DOWNES TR, KUTCHER MA, LITTLE 
WC. Qualitative and quantitative contrasts in the mechanisms of
lumen enlargement by coronary balloon angioplasty and direc- 
tional coronary atherectomy. ] Am Coll Cardiol 1994; 23: 40-48. 
17 WENGUANG Lr GUSSENHOVEN WJ, BOSCH JG, MASTIK El REIBER JHC, 
BOM N. A computer-aided analysis system for the quantitative 
assessment of intravascular ultrasound images. Proceedings of 
Computers in CardiNogy 1990: 333-336. 
18 WENGUANG L, GUSSENHOVEN WJ, ZHONG Y et aI. Validation of 
quantitative analysis of intravascular ultrasound images. Int l 
Card Imaging 1991; 6: 247-253. 
19 JOHNSTON K'cV. Femoral and popliteal arteries: reanalysis of 
results of balloon angioplasty. Radiology 1992; 183: 767-771. 
20 LEGEMATE DA, TEEUWEN C, HOENEVELD H, EIKELBOOM BC. Values 
of duplex scanning compared with angiography and pressure 
measurement i  the assessment of aortoiliac arterial lesions. Br J 
Surg 1991; 78: 1003-1008. 
21 JEANS ~WD, ARMSTRONG S, COLE SEA, HORROCKS M, BAIRD RN. 
Fate of patients undergoing transluminal ngioplasty for lower- 
limb ischemia. Radiology 1990; 177: 559-564. 
22 JOHNSTON K'cV, RAE M, HHOGG-JOHNSTON SA et al. 5-year esults 
of a prospective study of percutaneous transluminal ngioplasty. 
Ann Surg 1987; 206: 403-413. 
23 SPIES JB, BAKAL CWl BURKE DR et al. Standards of Practice 
Committee of the Society of Cardiovascular nd Interventional 
Radiology. Guidelines for percutaneous transluminal angio- 
plasty. Radiology 1990; 177: 619-626. 
24 KREPEL VM, VAN ANDEL GJ, VAN EERP WFM, BRESLAU PJ. 
Percutaneous transluminal angioplasty of the femoropopliteal 
artery: initial and long-term results. Radiology 1985; 156: 
325-328. 
25 CAPEK P/ McLEAN GK, BERKOWITZ HD. Femoropopliteal ngio- 
plasty. Factors influencing long-term success. Circulation 1991; 83 
(Suppl. I): 1-70-I-80. 
26 AnN SS, RUTHERFORD RB, BECKER GJ et al. Reporting standards for 
lower extremity arterial endovascular procedures. J Vasc Surg 
1993; 17: 1103-1107. 
27 ZEITLER E, REICHTER EI, ROTH El, SCHOOP W. Results of percuta- 
neous transluminal ngioplasty. Radiology 1983; 143: 57-60. 
28 BECKER GJ, KATZEN BT, DALE MD. Noncoronary angioplasty. 
Radiology 1989; 170: 921-940. 
29 VAN DER LUGT A, GUSSENHOVEN El, LI W. Coronary balloon 
angioplasty evaluated in vitro by intravascular ultrasound: a
validation with histology (submitted). 
30 FARB A, VIRMANI R~ ATKINSON JB, KOLODGIE FD. Plaque morphol- 
ogy and pathologic hanges in arteries from patients dying after 
coronary balloon angioplasty. ] Am Coll Cardiol 1990; 16: 
1421-1429. 
Eur J Vasc Endovasc Surg Vol 10, October 1995 
288 E.J.  Gussenhoven et aL 
31 ESSED CE, VAN DEN BRAND M, BECKER AE. Transluminal coronary 
•-::  angioplasty and early restenosis. Fibrocellular occlusion after 
wall laceration. Br Heart ] 1983; 49: 393-396. 
32 BLOCK PC. Mechanism of transluminal ngioplasty. Am l Cardiol 
1984: 53: 69C-71C. 
~33 MATTHEWS BJ, EW~LS CJ, KENT KIVI. Coronary dissection: a 
predictor of restenosis? Am Heart ] 1988; 115: 547-554. 
34 LEIMGRUBER PP, ROUBIN GS, VERNON ANDERSON H et al. Influence 
of intimal dissection on restenosis after successful coronary 
angioplasty. Circulation 1985; 72: 530-535. 
35 MEWISSEN M~vV, KINNEY EV, BANDYK DF et aI. The role of duplex 
scanning versus angiography in predicting outcome after bal- 
loon angioplasty in the femoropopliteal rtery. J Vasc Surg 1992; 
15: 860-866. 
36 PASTERKAMP G, WENSING PJW I POST MJ, HILLEN B, MALI WPTM, 
BORSr C. Paradoxical vessel wall shrinkage as an important 
mechanism of femoral artery stenosis: an intravascular ultra- 
sound study. J Am Coll Cardiol 1994; 242A (Abstr.). 
37 HAUSMANN D, MULLEN WL, FRIEDRICH GJ, FITZGERALD PJ, YOCK 
PG. Viability of remodeling in early coronary atherosclerosis: an
intravascular ultrasound study. ] Am ColI Cardiol 1994; 175A 
(Abstr.). 
Accepted 6 March 1995 
Eur J Vasc Endovasc Surg Vol 10, October 1995 
